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Claim 1 

Cell line of novel Chinese hamster ovarian cell (CHO cell) which can proliferate and can be 
subcuitured in culture medium which does not contain serum and protein (hereinafter, 
abbreviated to serum-fiee protein-free culture medium) for two months or more. 

Claim 2 

Novel CHO cells >K^ich can proliferate and can be subcuitured in senun-free proteia-free 
culture medium for two months or more, and also have glutamine non-dependency. 

Claim 3 

Novel CHO cells in accordance wifli Claim 2, wherein the serum-free protein-free culture 
medium is a culture medium completely sterilised by steam cooking. 

Detailed Description of the Invention 

Sphere of Application in Industry 

This invention relates to novel cell line of Chinese hamster ovarian cell (CHO cell) , which 
can proliferate and can Se subcuitured m semm-free protein-free culture medium for two 
months or more, and novel CHO cells which can proliferate and can be subcuitured in serum- 
free protein-free culture medium for two montlis or more, and also have glutamine non- 
dependency. 

The cells obtained in this invention can be used as host cells for introducing genes encoding 
useful proteins. 

Technoioev of the prior art 

The large-scale culturing of animal ceils have been used for the production of virus, vaccine, 
moreover for the production of interferon and monoclonal antibody from leukocyte and 
hybridoma. Moreover, as a result of recent progress m transgenic techniques, protein can be 
produced as native type of the physiologically active substance that is present in vivo, 
therefore, die production of die usefhl protein using animal cells as the host have been 
attracting attention, and die importance of large scale culturing technique has been 
recognised again. 
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As one problem of useful substance production by large-scale culturing of animal cells, there 
may be nominated the fact Aat serum must be added to die basal medium for the growdi of 
animal cells. Because not only is die serum expensive, but also contains various kinds of 
proteins, the purification of target protein is complicated. Moreover, the quality differs for 
every lot, and the effect on cell proliferation is also great Therefore, a development of cells 
that can proliferate in serum-free medium, moreover in protein-free medium has. been 
desired. 

As process using senim-free medium^ a prnrffgg Af_niltiiringJCHO_ceils. Jfl-^erum-frec 
medium containing insulin, transferring and selenium (in vitro Cellular & Developmental 
Biology, Vol. 21. No. 10, p. 588, 1985), a process of culturing Hela ceUs in serum-free 
medium containing insulin, hydrocortisone, transferrin, epidermal growth factor and 
fibroblast gro>yth factor (Proc. Natl. Acad. Sci. U.S.A, vol. 75, No. 2, p. 901, 1978), a 
process of culturing BHK cells in serum-free medium containing insulin, transferrin, 
fibroblast growth factor, fibronectin and oleic acid (Journal of cellular physiology, Vol. 1 14, 
p. 215, 1983) are known. Moreover, as the cells which can grow in serum-free medium, 
monoclonal antibody producing mouse hybridoma (Kokai 58-63385), conditioned cells of 
interferon producing human Burkitt tumour derived Namalwa cells (Kokai 60-6190), 
conditioned cells of CHO cells that grow on medium only added with insulin as protein 
growth factor (Kokai 63-1 9238 1) have been known. 

Senun-free culturing of various kinds of cells have been possible by combinations of growth 
factors, however, some growdi factors are expensive. Moreover, in terms of drug production 
by large-scale culturing, contammation of foreign protein even by a trace amount in the 
growth &ctor is not preferable, and die growdi factor used is required to be of very high 
purity. 

Therefore, cells that can proliferate in serum-free medium and can proliferate in protein-free 
medium are desired. The previously reported serum-free conditioned cells can hardly be 
cultured in protein-free medium, and arrest of cell proliferation or marked decrease of viable 
cells occur, dierefore the production efficiracy of die substance is poor. 

As cell strain that proliferates in protein-free culture medium, diere is various kinds of P3 
strains conditioned by Katsuta et al. (Methods in cell Biology, Vol 6, 1973). However, in 
each case, the cells are not CHO cell, besides are glutamine-dependent strain. 
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Moreover, when these cells are to be cultured, a filter is used for the sterilization of at least 
one component of culture medium component, and the contamination of microbes, viruses or 
the like cannot be strictly ruled out In order to prevent contamination of such microbes and 
viruses, steam cooking sterilisation is required as die sterilisation means, however, if 
proteinous component or nutrients such as glutamine or the like are contained, thermal 
denaturation and degradation are caused by the steam cooking sterilisation, therefore steam 
cooking sterilisation cannot be carried out As the glutamine non-dependent cells, normal rat 
hepatpcyte derived cell that proliferate m glutamine-fiee and protein-free culture medium 
(Dokkyo J. Med Sci., Vol. 9, pp. 97-105, 1982), Namalwa cells that require insulin and 
transferrin as proteins, but proliferate in glutamine-free culture medium (Cytotechnology, 
vol. 1, pp. 151-158, 1988), that were made glutamine non-dependent in the presence of 
senun (Modem Approaches to Animal cell technology), K562K| cells diat proliferate in 
complete steam cooking sterilised medium Q)rotein-free, glutamine-free mediiim) (5th next- 
generation industry basic technology symposium Text, pp. 129-141, 1987) have been known. 

However, diere is no known report of substrain of CHO cells that grow on serum-free 
protein-free culture medium, and even grown on glutamine-free culture medium. 

The problems to be solved bv the invention 

The object of tiiis invention is to put forward novel cell line of Qiinese hamster ovarian cell 
(CHO cell) which can proliferate and can be subcultured in serum-free protein-free culture 
medium for two months or more, and novel CHO cells which can proliferate and can be 
subcultured in serum-free protein-free culture medium for two mondis or more, and also 
have glutamine non-dependency. 

Means to Overcome these Problems 

In accordance widi fliis invention, novel cell line of Chinese hamster ovarian cell (CHO cell) 
which can proliferate and can be subcultured in serum-free protein-free culture medium for 
two months or more, and novel CHO cells which can proliferate and can be subcultured in 
serum-free protein-free culture medium for two mondis or more, and also have gflutamine 
non-dependency are put forward. 

Below, this invention will be described in greater detail. 
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n Method of conditioning 

As parent strain for conditioning, any cells that are derived from Chinese hamster ovary ceQ 
(CHO cell) that are not possible to proliferate and subculture in a serum-free medium can be 
used. As an ideal example, dihydrofolate reductase deficient strain CHO cell dDXBl 1 strain 
derived from the CHO cell which is a substrain of CHO-Kl strain (ATCC CCL61) (Proc, 
Natl. Acad. Sci. USA, Vol. 77, 4216^220, 1980, DNA Vol. 3, 297-308, 1984) is proposed/ 

Essentially CHO cells are adherent cells, however, suspension culture is preferably used as 
— thflLConditioning mefliod \ . 

In the suspension culture, the cell inoculation concentration is preferably 0.5-8 x 10^ cells/ml, 
and this concentration is preferably maintained during culturing. Moreover, the culture 
medium needs to be replaced regularly so that the pH of culture medium does not become 6.5 
or less and that the nutrient source in the medium is not used up. At the tine of culture 
medium replacement, if the ceU number is markedly decreased, concentration is carried out 
by centrifiigation or elimination of si^ematant, conversery when the cell number is 
improved, dilution is carried out and thereby the cell number is adjusted. In particular, Ae 
initial phase at the start of conditioning may accompany marked decrease m cell number. The 
conditioning period requires two mondis or more. 

The actual conditioning process is shown widi example of CHO cell d"DXBl 1 strain. 
I-IV Condi tioning method to serum-free medium. 

CHO cell dDXBil strain is used as the seed cells, and the cell number at which contact 
inhibition more or less occurs m adherent state (4 x lOVml) is inoculated to a basal medium 
(40 ml) added with serum alternatives instead of scrum This is cultured at 37**C for 2-4 days. 
Thereafter, cells growing in suspended state are centrifuged and separated at 1500 rpm for 
five minutes, and are resuspended in fresh basal medium (40 ml) . 

By repeating such operation, the growth of conditioned strain is stabilised, and survival rate 
improves. This conditioning procedure is continued repeatedly for two mondis or more till 
the survival rate of the conditioned strain approaches the survival rate of die patmt strain that 
is cultured in usual culture medium in which die parent strain can grow. 
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As basal medium, general culture medium used ia animal cell culture can be used. For 
example, RPMl-1640, MEM, Dulbecco MEM, Ham F12, Ham FIO, DM160, DM170 (made 
by Far East pharmaceutical company), 1:1 mixed culture medium of Dulbecco MEM and 
Ham F12, 2:1:1 mixed culture medium of RPMM640, Dulbecco MEM and Ham F12, or tihe 
like may be proposed. 

As serum substitute, 0.1-100 ^g/ml, preferably 1-10 ng/ml transferrin, 0.1-100 |ig/ml, 
preferably MO jig/ml insulin, 0.1-100 jig/ml, preferably 1-10 jig/ml folic acid, O.MOO x 10' 

LJMi^iifiCerabJyJJO x JO* M selenous acid, 0.001-10 %, preferably 0.01-1 % Pepol B-188 

(made by Toho Chiba Chemicals Co.), 1 fig • 10 mg/ml, preferably 10-100 |xg/ml dime&yl-a 
or p-cyclodwctrin (made by Toshin Chemicals Co.) and 0.01-10 %, preferably 0.01-0.1 % 
polyethylene glycol 20000 are combined and used. 

As further additives, 1-300 mM, preferably 5-25 mM hepes buffer, 0.5-10 mM, preferably 1- 
5 mM glutamine, 0.1-100 ^iM, preferably 5-50 |iM ferrous sulfate, 0.1-25 ml/lOOml, 
preferably 1-10 ml/lOOml non-essential amino acid liquid mixture for MEM are combined 
and used. 

In this way, CHO cells whidb can grow in serum-free medium. The obtained cells are named 
CHOceUKJM-1 strain. 

The CHO cell KJM-1 strain has adhesion non-dependency, and can grow iii suspended state 
in the serum-free medium. 

\-2\ Conditioning method to serum-free nrotein-free medium 

The senmi-fiee conditioned CHO cell KJM-1 strain obtained previously are used as seed 
cells, and are inoculated at cell density of about 4x10* cells/ml to a serum-free protein-free 
medium (40 ml) having the composition wherein the transferrin and insulin are removed 
from the serum-free medium used in 1-1). This is cultured at 37**C for 2-4 days. Thmafter, 
cells growing under suspended state are centrifiiged and separated at 1500 rpm for five 
minutes, and are resuspraded in die said fresh culture medium (40 ml) . 

By repeating such operation, the growth of conditioned strain is stabilised, and survival rate 
improves. This conditioning procedure is continued repeatedly for two months or more till 
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the survival rate of the conditioned strain approaches die survival rate of the parent strain diat 
is cultured in usual culture medium in which the parent strain can grow. 

As for the basal medium, the serum substitute and the other additives, the same species as the 
aforesaid species excluding transferrin and insulin can be used. 

In this way, CHO cells which can grow for two months or more in serum-free protein-free 
culture medium can be obtained. The obtained cells are named CHO cell KJM-IPF strain. 

2). Impartment of glutamine non-dependency 

TTie obtained serum-free protein-free conditioned CHO cell KJfM-lPF strain is cultured in a 
medium added with excess glutamic acid instead of the glutamine of the serum-free protein- 
free culture medium composition used in 1-2), and thereby glutamine non-dependency can be 
imparted to the CHO cell KJM-IPF strain. 

The excess glutamic acid is about 10-30 times of glutamic acid content contained in general 
medium, and in particular 20 times of glutamic acid is contained in the culture medium. 

In Example 3, glutamic acid of equivalent quantity to the glutamine (20 times of the ghitamic 
acid quantity generally contained in the culture medium) was contained instead of glutamine. 

In this way, Ae CHO cells which can grow in serum-free protein-free culture medium for 
two months or more and also have glutamme non-dependency can be obtained. The obtained 
cell is named CHO cell KJT- 1 strain. 

Based on Budapest trea^, the CHO ceU KJT-1 strain has been deposited as PERM issue 
2776 (FERM BP-2776) to National Institute of Bioscience and Human Technology on 
February 27, 1990. 

As for the confirmation of growth of CHO cell KJT-1 strain in the complete steam cooking 
sterilisation culture medium and the glutamine non-dependency, there is a process of 
analysing Ae glutamine in the culture Uquor by amino acid automatic analysis machine JLC- 
200A (made by JEOL company), as a dkect method. There are cases diat tbe glutamine 
which is a component not included beforehand may be detected in the culture supernatant; 
however, as a result of the analysis of the culture liquor obtained, die glutamine content was 
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not found. As an indirect demonstration process, there is a method of elucidation with growth 
curve of CHO cell KJT-1 stram and induction of glutamine synthase. 

By these results, it is proved that the glutamine is not contained at all in the steam cooking 
sterilised culture medium, and that the CHO cell KJT-1 strain can grow in a culture medium 
that does not contain glutamine at all 

Below Examples of this invention and Reference Example are shown. 
Example 1 

Raising of serum-free medium conditioned strain. 

Ham F12 was used as basal medium. The seram-free medium 40 ml added with transferrin 
10 ng/ml, insulin 10 \jJml, folic acid 10 \i/m\, selenous acid 1.25x10"^ M, Pepol B-188 0.1 %, 
Hepes buffer 7.5 mM, glutamine 2 mM, ferrous sulfate 10 fxM, nonessential amino acid 
liquid mixture for MEM 10 ml/100 ml and sodium bicarbonate 0.15 % (hereinafter, 
abbreviated to culture medium a) was introduced to culture flask of 75 cm^ and CHO cells d" 
DXBl 1 stram (serum dependent) were inoculated at cell density of 4 x lOVml to this. 

Static culture was carried out for three days at 37**C, and next the cells which grew in 
suspended state were centrifuged at 1500 rpm for five minutes, and it was recovered, and 
resuspended in fresh serum-free medium 40 ml formed from the same as above composition. 

The survival rate decreased as die passage progressed. The survival rate decreased to 7 % by 
the 7A day from the start of culturing, however, the survival rate improved by repeating Ae 
successive subculturing. The survival rate recovered to 80 % or more by 2 months after the 
start of the culturing, and the cells were able to proliferate to ttie cell number of around 1 x 
10^ cells/ml. Since then stable proliferation has been seen for 17 mondis or more from the 
start of culturing. 

In this way, die CHO cell KJM-1 strain which was serum-firee medium conditioned strain 
was obtained. 

Example 2 

Raising of serum-free p rotein-free culture medium conditioned strain. 
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Ham F12 was used as basal medium, and tfie serum-free protein-free medium 40 ml added 
with selenous acid l^SxlO"* M, Pepol 8-188 0.1 %. Hepes buffer 7.5 mM. glutamine 2 mM. 
ferrous sulfate 10 |iM, nonessential amino acid liquid mixture for MEM 10 ml /lOO ml and 
sodium bicarbonate 0.15 % (hereinafter, abbreviated to culture medium b) was introduced to 
culture flask of 75 cm^ and CHO cell KJM-1 strain was inoculated at cell density of 4 x 10* 
cells/ml to this. Static culture was carried out for three days at 37°C, and next cell growing in 
suspended state were centrifiiged at 1500 rpm for five minutes, recovered, and resuspended 
in fresh serum-free protein-free culture medium 40 ml formed from the same as above 
composition. 

The survival rate decreased as the passage progressed, the survival rate decreased to 20 % 
by the 7th day from the start of culturing, however, the survival rate improved by repeatmg 
the successive subculturing. The survival rate recovered to 80 % or more by 2 months after 
the start of the culturing, and the cells were able to proliferate to the ceU number of around 1 
xlO*cells/mL 

In diis way, CHO ceU KJM-IPF strain which was seium-fiee protein-free culture medium 
conditioned strain was obtained. 

Example 3 

Impartmcnt of glutamine no-depcndency. 

In culture medium (40 ml) added with glutamic acid 4 mM mstead of glutamine 2 mM of the 
serum-free protein-free culture medium composition used m Example 2, the CHO cell KJM- 
IPF strain obtained in Example 2 was inoculated, and the cells were cultured at 37**C for 
three days. 

In this way, CHO cell KJT-1 strain which can multiplied and subcultured for two months or 
more in serum-free protein-free culture medium and also has glutamine non-dependency was 
obtamed. 

Reference Example 1 

Confirmation of im partment of glutamine non-dependency 

Ham F12 was used as basal medium, and a medium wherein a serum-free protein-free culture 
medium 40 ml added with selenous acid 1.25x10-* M, Pepol B-188 0.1 %, Hepes buffer 7.5 
mM, ferrous sulfate 10 |iM, glutamic acid 4 mM, nonessential amino acid liquid mixture for 
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MEM 10 ml /1 00 ml was steam cooking sterilised, and fuithennore sq)arately steam cooking 
sterilised sodium bicarbonate was added to comprise O.IS % at the time of use Qieieinafter 
abbreviated to culture medium c) was used, and CHO cell KJT-1 strain was cultured at 37*C 

The results thereof are shown in Figure 3. 

Reference Example 2 

Comparison of glutamine synthase activity in ceil^ 

CHO cell d'DXBl 1 strain and CHO cell KJT-1 strain were respectively cultured at iTC in 
culture medium c for four days. 

CHO cell d'DXBl 1 strain and CHO cell KJM-IPF strain were respectively cultured at ZTC 
in filtration sterilised culnire medium b for four days. 

After culturing, glutamine synthase activity in each cell was compared. The results arc shown 
in Table 1. « 

Table 1 

Test cell strain (medium used^ Activity f umole/10^ cells/davl 



CHO cell d*DXB 1 1 strain (medium b) 0.054 

CHO cell d'DXB 1 1 strain (medium c) 0. 1 88 

CHO cell KJM-IPF strain (medium b) 0.062 

CHO cell KJM-IPF strain (medium c) 0.080 



Advantages Afforded bv this InventiQi^ 

In accordance with this invention, novel cell line of Chinese hamster ovarian cell (CHO cell) 
which can proliferate and can be subcultured in serum-free protein-free culture medium for 
two months or more, and novel CHO cells which can proliferate and can be subcultured in 
serum-free protein-free culture medium for two months or more, and also have glutamine 
non-dependency can be put forward. 

Brief Descrinrion of the Figures 

Figure 1 shows a growth curve of CHO cell KJM-1 strain cultured in medium a at 37**C, and 
a growth curve of CHO cell dlDXBl 1 strain cultured in medium in which S % bovine foetal 
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scrum was added instead of transferrin and insulin in the culture medium a composition at 
37°C. in the Figure, open circle solid line is flie growth curve of CHO cell KJM-1 strain, and 
the solid circle solid line is die growtfi curve of CHO cell dDXBl 1 strain. 

Figure 2 shows a growth curve of CHO cell KJM-IPF strain cultured in culture medium b at 
Figure 3 shows a growth curve of CHO cell KJT-1 strain cultured in culture medium c at 



In all Figures, the vertical axis is viable cell count (1 x 10^ cellsAnl), the horizontal axis is die 
number of days cultured. 



Figure 1 
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Rising Sun Communications Ltd. Terms and Conditions (Abbreviated) 
Rising Sun Communications Ltd. shall not in any circumstances be liable or responsible for 
the accuracy or completeness of any translation unless such an undertaking has been given 
and authorised by Rising Sun Communications Ltd. in writing beforehand. More particularly, 
Rising Sun Communications Ltd. shaU not in any circumstances be liable for any direct, 
indirect, consequential or financial loss or loss of profit resulting directly or indirectly from 
the use of any translation or consultation services by the customer. 

Rising Sun Communications Ltd. retains the copyright to all of its* translation products 
unless expressly agreed in writing to the contrary. The original buyer is permitted to 
reproduce copies of a translation for their own corporate use at the site of purchase, however 
publication in written or electronic format for resale or other dissemmation to a wider 
audience is strictly forbidden unless by prior written agreement. 

The Full Terms and Conditions of Business of Rising Sun Communications may be found at the 
web site address <http:/Avww.risingsun.co.uk/Terms_of_business.htm> 
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- 2 ) tsstm i.ftmALfmm&i§iWA^^A^^ % yo 

l>^5^^/l'^$:^tt$ftO10-30»SftT*)9. t<<C20 
«ejr€r«ifilc^^d«d(0]&sft* tir\ 

v>6^/w^5>^K<O20») tr^^t^-erfc. 
;^ o J: 3 ic bT«lldif»il5a««T 2 KJi^W'sr 

CWOftiiaKJT-l««:. h^yfiiics-^t¥«2 
«F^«»2776^ (FERM BP-2776) t tX^tt^HTV^ 

-200A (B*«^tta4) *CAor»«f-f5*8fe*S«>6. 

/NAFl2«rSfll«fiafcUX, h9v;^:7*y VlO/ig/m 
U -<:^;^y r^iOiig/ol. ISfiiOnB/ol. E-feu^'Ki.2 

5X10-^ ^aK-Zl^B-iaa 0.1%, ^^fi«a7.5io 

^^A'^sv^, fiSteSHftio^iM, Msa^iNJ^r 

^ /i^£^fdclOml/lOOmlj3j:t;fi00. 15%^iH]^/taiiiL 

«r 4 X io°(Si/miea<;c>i»^dEr«a 



-3- 



S»ISl«:1500n»T5»B3S41^^MtLT««), tSmtm 

cmoit^ e> ^^m^^Aiinmi&AOmi^^nBm Lit. 

^ffitJSroyt. gift. »#^M*frL-C;ft*€>17y^£U:» 

!J?"-/VB-188 0.1%, -^;^»««7.5b*I, 
lOiDl/lOftnliJ J:i;S00. 15%Srac&DL;fci^jfiim^»g&« 
a'^AIt. 'tC:^aiattHSlCJM-l«cfr4X10»®/inlM[ 

oftijs«a-c»a ufc. srcT 3 b ra»fi«f« vit^s 

i^af W UTV >5milfi«rl500rpm-C 5 ^Wa't.>» 

i^%£l±lCEHttU ^tefia»t>lxi0^iB/oim«*'Cii 



2oM(Oftto?HC^^/W^* VK4inM«riDxfc«» (40Bii) 

^092-Cfte>ivitCHOl0B^-lPm^»SU 3 
7trC3BIII««Ufc, 

atf-/WB-lB8 0.1%, -^;^»«fjff7.5fl*i. 

Jte«J:9(C«ysiUfc»* (BilT»16cfcV^5, ) CH 
oteBaKjr- 1 «t37t:-C«« Lfc. 

^:n-en37t:T 4 0 fs\mm Ufc. 

b ^ OiSiftl^ Ll/SL^i^TCKOjRB^d-DX&l lltcd^ JiOt 





1 ^ 




Stt (ju fflole/lO'cel Is/day) 


CHDfiBBa d-DXBim (^%b) 


0. 0 5 4 




0. 1 8 8 


CHOOlBjl XJM-lPP«ic Ogitkb) 


0. 0 6 2 




0. 0 8 0 



1 1 oitefiaJim&«i3i:u6CH0iteJtedT)XBii«£5:37t: 
mill^ttaioi^lg<rDXBim(Oii^ttflt^Jt>'5. 



»3HI4, CHOlBtaKjT- IttWrCT. «J6cT««L V^•fn<DHt>»♦fttt4ttteft (1 XlO'cells/ml) . « 
WlBJ [|f|2Bal 




(51) Int. CI. • SmgrJfiS^ FI 

(C12N 5/10 
C12R 1:91) 
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